The objective of this study was to evaluate the efficiency of the Saraz method in order to quantify ammonia emissions generated in opened or hybrid animal production facilities, and to determine an equation for the adjustment method. To do this, we developed beacon equipment, with input and output gas sectors, hoods and absorbent porous material. After the collection, the amount of ammonia captured in the environment was determined in the laboratory. Different ammonia concentrations were evaluated in addition to the different speeds of the exhaust air. Considering the results, it can be concluded that for the situations analyzed the Saraz method is efficient, but as with other methods, with an increase of air velocity and concentration, its efficiency decreases. An equation for the adjustment of the Saraz method was generated to determine the concentration and the rate of ammonia emissions inside animal facilities.
Introduction
Ammonia is the most common pollutant found in high concentrations on the premises of animal production facilities [1] . The presence of this gas directly influences the growth of young animals, especially birds. Exposure to an excess of ammonia causes problems and diseases, such as reduced appetite and respiratory rate, respiratory tract lesions, conjunctivitis, and increased susceptibility to viral infections [2] . Besides the economic issues related to ammonia gas in animal husbandry environments, due to it damaging the health of animals and workers, it is also worthwhile to note that ammonia is a greenhouse gas that leads to undesirable environmental consequences when emitted in high concentrations [3] . It may also contaminate water, air and soil, affecting the planet's future of and animal production sustainability [4] . Thus, it is necessary to implement technological strategies to minimize the environmental impact caused by the emission of greenhouse gases [5] .
For about two decades, emissions rates and/or concentrations of ammonia in animal production environments have been the focus of studies by researchers in various European countries and in North America, where inventories have been carried out on greenhouse gas emissions, establishing protocols. For these countries, determining ammonia emissions is relatively simple since facilities are closed, and, therefore, there is control over the volume of air in the premises [6] .
For regions with tropical and subtropical climates, such as Brazil, determining the concentration of ammonia emissions is much more complex since virtually all livestock shelters are kept open, constituting open or partially open (hybrid) systems, which have interference currents and uncontrollable external wind [7] thermodynamic systems.
Among the methods available to naturally ventilate in predominantly open facilities is that of passive flow. The Saraz method proposed by [8] is noted for its simplicity, efficiency, and applicability to being able to determine ammonia emissions in livestock production in open and general facilities.
The Saraz method was evaluated in field conditions [8] and was considered to be efficient in measuring ammonia emissions from broiler litter coming in very low concentrations, such as 0.5 ppm and 1.0 ppm in ventilation conditions for natural air velocity above 0.1 m s -1 . However, according to [8] , the method needs to be improved and more research should be conducted into different concentrations and environmental conditions, with the aim of gaining a better understanding of the efficiency and applicability in inventories of greenhouse gases such as ammonia gas.
Despite the great diversity of methods to quantify the concentration of ammonia in the atmosphere , the majority of these are expensive and involve undertaking a series of steps in the laboratory that may contaminate the sample. Therefore, comparison studies are still required, as well as the adaptation and application of methods to quantify ammonia [3] .
Thus, there is a need to assess the efficiency of the proposed Saraz method in different environmental conditions, with variations in ambient air velocities, and with different ammonia concentrations studied by [8] in the conditions in the field shelters for livestock. In order to do this, it is important to find a reliable method of calibration, which allows for the actual and possible values of ammonia levels to be quantified. The pickup device employed in the Saraz method is capable of measuring in environments with climate variability and, therefore, it captures the rate of ammonia emissions in a controlled situation by generating an equation for the Saraz method environmental setting.
Material and methods
This work was conducted in the Department of Agricultural Engineering at the Federal University of Viçosa in climatic chambers, at Ambiagro -the Center for Research in Agro-industrial ambience, and also at the Engineering Systems and laboratories in the areas of Rural Buildings and Ambience and Energy in Agriculture.
The beacon equipment development
To enable the improvement of the Saraz method, fully sealed beacon equipment was developed, consisting of a box of translucent glass and polycarbonate with the following dimensions: 30.0 x 38.0 x 28.0 cm (length, width, height). This was inserted in the climatic chamber in order to obtain controlled environmental conditions, enabling the analysis in an environment in which the temperature and humidity are controlled and known.
The box, called a normalizing box, was divided into two compartments, an entry sector, and a gas outlet with the same dimensions 30.0 x 18.0 x 28.0 cm (length, width, height). The sector gas inlet was composed of a housing provided with openings for gases to enter(ammonia and fresh air) through silicone tubing connected to the external gas cylinders for the purpose of this study. This compartment was provided with two circular openings of 4.0 cm radius, sealed by absorbent porous material (described in 2.2) positioned above the hoods, which when in use, forced the removal of the outside air to the box. The sector gas outlet, was, in turn, subdivided into two equal sized compartments to allow two samples of air through the porous absorbent material via the exhaust and, hence, two replicates for each variable were analyzed ( Figs. 1 and 2 ). 
Absorbent porous material
The absorbent porous material used was composed of polyurethane sponges with a density D18 (0.0162 g cm -3 ) and dimensions of 8.0 cm in length, 9.0 cm in height, and 2.0 cm in thickness.
For each repetition, the sponges were impregnated in 25 ml of sulfuric acid (H 2 SO 4 ), 1.0 mol L -1 , and glycerin (C 3 H 5 (OH) 3 ) 3% v/v before sealing the holes of each of the box's input compartments, according to the method proposed by [9] .
Exhaust fans
The exit velocity of the gas at a known concentration through the porous absorbent material was different for each treatment and had a different speed to the exhaust air (0.1, 1.2, and 2.4 m s -1 ). This was achieved using hoods installed inside the box that forced the gas through the passage foams, drawing air from inlet compartment to the outlet compartment. The exhaust fans were made by fans or cooler "sleeve bearings" with dimensions of 80 x 80 mm, had a DC voltage of 12 V, a current of 0.15 A, and a speed of 1800 rpm. The speed of the exhaust was controlled by a universal energy source model FT-1462P with a power of 18 W, a maximum load of 1000 mA, a 110/220 Vac input, and seven outputs.
Initially, an exhaust calibration curve was taken to determine the rate of entry of gas into the foam; one hot wire term anemometer (TESTO model 425) was used, measuring with a range from 0 to 20 m s 
Electrochemical Sensors
Electrochemical detectors were used as the instruments to make reference measurements of the various adopted ammonia concentrations (5, 10, 15, 20 , and 25 ppm). BW "Gas Alert Extreme Ammonia Detectors", which are compact and affordable, present a variation in measuring accuracy from 0 to 100 ppm 2%, and operate at a relative humidity from 15 to 90% and a temperature of -20 to + 50° C.
The sensors were initially unloaded, and, despite having an automatic setting to grade the security every time you are connected, a simple calibration of all sensors used in the experiment was additionally performed. A total of six sensors were used, three for each sample, with one positioned on each of the three compartments of the normalizing box, the initial compartment for the air containing a known concentration of ammonia and the two sequential compartments with the same dimensions containing the gas after it had passed through the absorbent porous material.
At the end of each collection, a change of the position of sensors occurred, which allowed for a reading of the ammonia level in each sample. Different sensors were positioned in different compartments, thus consecutive readings were avoided. Simultaneously, the sensors were calibrated, and any necessary correction factors were set.
Climatic chamber
The experiment was conducted in a climatic chamber in order to control the thermal environment for each gas concentration studied. The climatic chamber, located in the Annex to AMBIAGRO, DEA, UFV, was equipped with hot/cold air conditioning of 12,000 BTU h -1 , an electric resistance heater with 2000 W of power, a humidifier with a capacity of 4.5 liters and a 300 mL/hr output medium mist. The heater and the humidifier were controlled by an electronic temperature and humidity controller with a 531Ri MT-plus serial communication. Each device was powered on or off automatically in order to ensure temperature control and humidity patterns in the study set.
In this experiment, samples were collected at a temperature of 25° C, and relative humidity was maintained at around 60% in order to simulate creation conditions that were within the range of appropriate comfort for animals such as birds from their second week of life [10] . At this point the generation of ammonia in the production environment is intensified.
Calibration of the NH3 sensors
The calibration process of the NH 3 sensors was achieved by using a gas with a known concentration of ammonia and another gas that did not contain ammonia. A gas cylinder with a known ammonia concentration of 25 ppm and an air cylinder with ultra pure synthetic zero with 0 ppm ammonia were used. The cylinders were connected to silicone tubes, and these were connected to measuring instruments following the methodology described by [11] .
Functioning of the normalizing box
At the beginning of each sample collection, the inlet chamber of the housing of the normalizing box received a volume of air with different ammonia concentrations, namely 5, 10, 15, 20, and 25 ppm. These values are situated in the range between the maximum and ideal values for ammonia in an environment for continuous, intermittent and sporadic exposure to animals. These different concentrations of ammonia were obtained from mixtures of ammonia gas up to 25 ppm and with zero ultra pure synthetic air and were monitored by means of electrochemical detectors placed inside the box. As the gases were added to the inlet chamber, the readings were observed by sensors until the desired concentration was obtained. After a time for the sensors to be stabilized and about five equal consecutive readings of the same concentration, we initiated the process of capturing the ammonia absorbed by the porous material that was positioned next to the exhaust fans in contact with the air inlet.
Different speeds of the exhaust air were assessed: 0.1, 1.2, and 2.4 m s -1 ; these were the upper and lower limits of air typical in some animal production facilities. Birds have a slower speed compared with other animals such as pigs [12] [13] [14] .
With the exhaust in operation, after the concentration of ammonia was stabilized, a hatch (separating the compartments of input and output gas) was opened that allowed the passage of gas through the porous absorbent material and it to be simultaneously captured. Two other sensors were positioned in the gas exit compartments, one in each compartment, which were monitored to assess possible leaks and to verify the absorption capacity of the absorbent porous material. The final collection time given by the sensors indicated a value of 0 ppm for five consecutive readings, thus indicating that all ammonia present within the gas inlet chamber had been captured by the absorbent porous material.
Concentration and emission rate of ammonia
The ammonia concentration was determined from the amount of ammonia that the sponges captured, impregnated first with 25 ml of sulfuric acid (H 2 SO 4 ), 1.0 mol L -1 , and glycerin (C 3 H 5 (OH) 3 ) 3% v/v solutions; they were responsible for fixing the diffused ammonia.
After the capture period, the exhaust fans were turned off and the absorbent porous material was removed, stored and refrigerated in plastic wrap to be taken to the laboratory for the ammonia to be extracted according to the Kjeldahl method, in accordance with the methodology adopted by [9] .
The ammonia concentration captured by the sponges, that is, the concentration obtained by the Saraz method, was compared to the concentration of ammonia present in the actual normalizing box in terms of the amount of ammonia contained in the foam and calculated in the box, considering the volume of the foam and the normalizing box. Thus, for the amount of ammonia present in the box, the volume of gas input was considered to be equal to 15,120 cm 3 , taking into account the dimensions of 30.0 cm length, 18.0 cm width, and 28.0 cm in chamber height. For the sponge, the amount was 144 cm 3 , considering the dimensions of 2.0 cm thickness, 8.0 cm width, and 9.0 cm height. An equation to adjust the concentration obtained from the absorbing porous material due to the expected concentration to be collected by the sponge was generated.
According to the Saraz method, the emissions rate of ammonia through the porous material can be calculated by applying eq. (1) t: Time of exposure to ammonia gas absorbent material (s). By calculating the quantity values of the NH 3 and NH 3 concentrations and the rate of ammonia emissions observed with the expected values in the environment, the efficiency was analyzed by the Saraz method according to the time of exposure to the different concentrations of the ammonia situations and different speeds of the exhaust air.
Experimental design
The experimental design was completely randomized with four replications. The treatments consisted of the combination of five different concentrations of ammonia (5, 10, 15, 20 ) to analyze the amount of ammonia recovered by the foam and the evaluation of the ammonia emissions rate under different conditions. There were a total of 60 samples (n = 60).
The data amount of ammonia obtained by foam and the ammonia emissions rate were subjected to analysis of variance (ANOVA). When the F test of ANOVA showed difference, the means were compared by Tukey's test. For all statistical analysis, the value of 5% for the probability of type I error was adopted. For an analysis of the model under study, the following hypotheses were tested:
The null hypothesis (H 0 ): concentration data calculated in a real ammonia environment (ERNH 3 ) are equal to the data indirectly through the absorbent material (SARAZNH 3 ).
The alternative hypothesis (H 1 ): concentration data calculated in a real ammonia environment (ERNH 3 ) differ from the data indirectly through the absorbent material (SARAZNH 3 ).
If the alternative hypothesis (H 1 ) was true, and validated using the ANOVA test, we would then carry out a linear regression analysis to determine the coefficients of the model expressed by eq. (2) using the Sigma Plot version 12.0 program. Table 1 presents data for mean recovery of ammonia using the Saraz method for the different concentrations tested. It is observed that, for lower concentrations, the Saraz method displayed the highest ammonia recovery efficiencies of around 81% for the 5 ppm concentration and 51% for the 10 ppm concentration. These results are in agreement with work done by [8] , which was undertaken in field conditions with a recovery of volatilized ammonia poultry manure in the 68-82% range.
Results and discussion
The Saraz method proves to be more efficient, compared to studies by [15] , [16] , [17] and [18] , which use a collection chamber to determine volatilized ammonia from poultry manure and soil that would normally have maximum values of 70% recovery of ammonia. This higher recovery efficiency of ammonia through the collector box sponge, compared to what happens in practice, can be explained by the fact that, in this experiment, ammonia present in the ambient air was volatilized. This is unlike what happens in other studies in which the ammonia was still in the process of volatilization in the middle bed or the ground and was then captured by the collector. It was thus dependent on the environment's conditions of volatilization, which can interfere with the recovery efficiency. Similar results were found in [19, 17] 's studies, which showed that the efficiency of the collection chamber for open semi-static NH 3 varies with the amount of volatilized ammonia, both under greenhouse and in field conditions.
It can be inferred, therefore, that the method used in this study has a good recovery efficiency of ammonia, without an adjustment curve for environments, with concentrations of up to 10 ppm. Using the regression equation shown in Fig. 3 , the calibration equation for the Saraz method, eq. (3), was obtained to determine the actual amount of ammonia captured in situations in which the environment contained less than 25 ppm of ammonia. of the data obtained can be applied. It is therefore indicated that the use of the setting values in the equation for ammonia concentrations in absorbent porous material obtained by the Saraz method proves efficient at any concentration for those tested (up to 25 ppm). Fig. 5 shows the relationship between the concentration of ammonia present in the environment and the ammonia concentration obtained by the absorbent porous material using the Saraz method, at different speeds of exhaust air. No statistically significant difference (P> 0.05) was found using analysis of variance among the three adopted speeds (0.1, 1.2 and 2.4 m s-1). This indicates that the use of the Saraz method enables the efficient recovery of ammonia without being affected by the air velocity, and, as was expected, the amount of ammonia recovered decreases with increasing air velocity. Similarly to Fig. 5, Fig. 6 shows that, independent of the velocity of the exhaust air, the behavior of the curves is the same for all the velocities studied. The amount of ammonia captured by the collector was directly proportional to the concentration of ammonia in the environment, i.e., the higher the amount of water present in the environment, the greater the amount collected by the Saraz ammonia method. In contrast, there is an inversely proportional relation when analyzing the exhaust air speed and the amount of ammonia captured by the collector; the higher the speed of the exhaust air, the smaller the amount of ammonia captured by the Saraz method.
In Fig. 7 shows the regression curve for the rate of ammonia emissions observed from the data obtained by ammonia absorbent porous material (Saraz NH3 ) and the emission rate of ammonia calculated by the expected environmental concentration (ER). There is high correlation (R 2 = 0.982) between the data and the values of the ammonia emission rate obtained by the Saraz method, and the rate values calculated for ammonia emissions in the environment that exhibit a linear relationship, showing that the method is valid under the conditions analyzed.
By using the linear regression curve shown in Fig. 7 , it appears that we can estimate the rate of actual emission of ammonia by using a correction factor of 2.79 on the emission rate values obtained by the Saraz method. That is, the real value of the ammonia emission rate (ER) for air velocities between 0 and 2.4 m s -1 and concentrations up to 25 ppm, can be calculated using eq. (4), which is shown below. 
In Fig. 8 (where rates represent ammonia emissions obtained at the various speeds of the exhaust air), the same behavior found in the analysis of the amount of ammonia obtained can be observed. There were no statistically significant differences found (P> 0.05) between the emissions of this gas for each of the different speeds of the exhaust air.
Applying the analysis of variance (ANOVA) to the data rate of ammonia emission, it is possible to observe the significance of this gas' emissions in various concentrations of ammonia in the environment (Table 2) . It can be observed that the values of ammonia emission rates increased with increasing concentration in the environment, as was expected. 
Conclusions
The Saraz method is an efficient method. To determine concentrations of up to 10 ppm it does not need adjustment and presents a good recovery efficiency. For concentrations higher than 10 ppm, the method can be used with confidence through the use of generated equations to adjust both the concentration (eq. 3) and for the rate of ammonia emission obtained by either method (eq. 4), regardless of air velocity.
With air speeds of up to 2.4 ms -1
and ammonia concentrations of up to 25 ppm, the method can be used reliably, but as with other methods, when an increase in air velocity and concentration occurs, efficiency decreases.
